Up to 75% of pre-hospital trauma patients experience moderate to severe pain but this is often poorly recognised and treated with insufficient analgesia. Using multi-level logistic regression analysis, we aimed to identify the determinants of pre-hospital analgesia administration and choice of analgesic agent in a single helicopter-based emergency medical service, where available analgesic drugs were fentanyl and ketamine. Of the 1156 patients rescued for isolated limb injury, 657 (57%) received analgesia. Mean (SD) initial pain scores (as measured by a numeric rating scale) were 2.8 (1.8), 3.3 (1.6) and 7.4 (2.0) for patients who did not receive, declined, and received analgesia, respectively (p < 0.001). Fentanyl as a single agent, ketamine in combination with fentanyl and ketamine as a single agent were used in 533 (84%), 94 (14%) and 10 (2%) patients, respectively. A high initial on-scene pain score and a presumptive diagnosis of fracture were the main determinants of analgesia administration. Fentanyl was preferred for paediatric patients and ketamine was preferentially administered for severe pain by physicians who had more medical experience or had trained in anaesthesia.
Introduction
Between 20% and 75% of pre-hospital trauma patients experience moderate to severe pain [1, 2] . The delivery of safe and effective analgesia is a core principle and priority of pre-hospital care, which necessitates balancing the risks of analgesia with the risks of untreated pain [3] . Effective pre-hospital analgesia also facilitates in-hospital diagnosis and treatment [3] . Pain in trauma victims is, however, often poorly recognised, assessed and treated with insufficient analgesia (oligoanalgesia) [4] [5] [6] . Many factors influence the decision-making processes regarding analgesia strategy, including type of injury, and both patient and physician characteristics [7] [8] [9] [10] . It has been recently demonstrated that inter-physician variations in practice contribute to oligoanalgesia in a helicopter-based emergency medical service [6] . No study, however, has investigated the determinants of analgesia administration or choice of analgesic agent in the pre-hospital mountain environment. The aims of our study were to describe the pre-hospital analgesia administered by a helicopter-based medical service to trauma patients suffering from isolated limb injury and to assess the patient and physician factors that determined provision of analgesia. Our primary goal was to assess the determinants of analgesia administration. Our secondary goal was to assess the determinants of the choice of the analgesic agent (fentanyl as a single agent versus ketamine with or without fentanyl).
Methods

Study approval was obtained by the Human Research
Ethics Committee 'Commission Valaisanne d'Ethique M edicale'. This retrospective study was conducted in a single alpine helicopter emergency medical service, in which pre-hospital care is provided by physicians with different training backgrounds and experience. All trauma patients who had experienced an isolated limb injury and been rescued from 1st January, 2011 to 31st December, 2012 were screened for inclusion. Patients were not studied if they presented with an initial Glasgow Coma Scale < 15, were intoxicated, had suffered polytrauma or if their rescue mission was not staffed by a physician.
Data collected included date of the accident, victim age and sex, mechanism of trauma, type of activity being undertaken when injured, and presumed diagnosis according to the pre-hospital physician at the end of the rescue mission. Injury severity was graded according to the eight-level National Advisory Committee for Aeronautics (NACA) scale from zero (no injury) to seven (death) [11] . Data for heart and respiratory rates, blood pressure and transcutaneous peripheral oxygen saturation were also collected.
Fentanyl (Fentanyl-Janssen â , 50 lg.ml
À1
, JanssenCilag AG, Zoug, Switzerland) and racemic ketamine (Ketamin Sintetica â , 50 mg.ml À1 , Sintetica SA, Mendrisio, Switzerland) are the two analgesic drugs available in the helicopter medical supplies. We extracted the type, dose and route of administration of the delivered analgesic and recorded when patients declined analgesia if documented in the chart. The pre-hospital physician characteristics recorded were sex, overall postgraduate medical experience (number of years since graduation), and training in anaesthesia (none, one year of training or board certification). Pain was assessed using the 11-point numeric rating scale (NRS), from no pain (NRS = 0) to the worst pain imaginable (NRS = 10), and this was documented on-scene and, when available, at hospital admission.
The data retrieved from the pre-hospital forms were inputted into a Microsoft Access database ( [12] . Characteristics at the patient level were age, sex, season, trauma location, type of activity, mechanism of trauma, presumed diagnosis and pain score. For the clusters, the factors were physician sex, postgraduate experience, board certification and a random coefficient to account for unmeasured characteristics which affected the decision to administer analgesia. We also adjusted for cluster means in the models because cluster means can confound the estimated association between individual level covariates and outcome [13] . Starting from a full, over-parameterised model, including all the within-and between-cluster variables, we performed a backward selection procedure with the type one error rate set at 5%. The resulting reduced model allowed us to compute the strength of association of each factor in terms of odds ratios (OR). We computed the median OR in a multi-level model with no level-two variables except for a random effect to assess the importance of cluster-level variables [14] .
Results
During the two-year study period, 3249 patients were rescued of which 1156 met our inclusion criteria ( Fig. 1 ). Patients were predominantly male (male:female ratio = 1.48:1) with a mean (SD) age of 37 (19) Analgesia was provided to 657 (57%) patients and was declined by 88 (8%) patients. Mean (SD) initial pain scores as measured by NRS were 2.8 (1.8), 3.3 (1.6) and 7.4 (2.0) for patients who did not receive, declined, and received analgesia, respectively (p < 0.001). Analgesia was more frequently administered as NRS increased (p < 0.001), while rates of refusal declined (p < 0.001) ( The results of the multi-level logistic regression analysis of analgesia administration and of the determinants of analgesic choice are presented in Tables 2  and 3 , respectively. The log OR for provision of anal- Figure 1 Flow chart of study patients. GCS, Glasgow Coma Scale. gesia and administration of fentanyl according to individual physicians are illustrated in Fig. 3 and 4 , respectively.
Discussion
In our study, over 50% of patients with isolated limb injuries experienced moderate to severe pain and a similar proportion received analgesic medication. Although exact comparison is difficult because pain intensity is not always clearly defined, other studies have found the proportion of patients with limb injuries experiencing moderate to severe pain to vary from 20% to 80% [2, 3, 18] . The relatively high pain intensity scores in our study could be explained by differences resulting from the type of accidents or injuries (primarily caused by winter sports). The alpine setting may also be a contributory factor, as parameters such as the cold or remote environment could negatively influence pain perception.
The proportion of patients receiving analgesia in our study is higher than in other studies, where it ranges from 2% to 51% [4, 8, 15] . Differences in initial pain scores setting, and type of medical staffing could also explain differences from other studies; for example, our physician-staffed service provided analgesia to a higher proportion of patients than a paramedicstaffed ambulance [4] . In addition, the proportion of patients in the current investigation who declined analgesia is similar to the 9-11% reported by two other studies [15, 16] . Some retrospective studies could not retrieve this information from their medical records, which may have led to an underestimation of the willingness of patients to accept analgesia [8] . Although this study was not designed to specifically address this issue, the reason for patients to decline analgesia seemed to be essentially linked to their lower pain intensity in comparison to those who accepted it.
Fifty-five percent of patients with a NRS pain score of four were not administered analgesia despite not having been documented as declining treatment. This is a high proportion, as the usual recommendation is that patients with a NRS pain score greater than three should be treated [17] . Further staff education is warranted and a review of management protocols would be beneficial, such as proposing that a NRS pain score of four or more is an indication for analgesic administration.
We found that the main determinant of analgesia administration was pain intensity as evaluated by the patient, which is similar to other studies [8, 15, 18] . The presumptive diagnosis of fracture was also significantly associated with analgesia administration. Fractures often require realignment and splinting in the field, both of which are painful procedures necessitating strong analgesia. This may influence a physician's judgement, and supports a previous study that showed patients with long-bone fractures were more likely to receive opiate analgesia than those without fractures [19] . While a pre-hospital study of isolated limb injuries found that male sex was associated with an increased likelihood of receiving analgesia [8] , we did not find a significant influence of patient sex on analgesia provision, consistent with other studies [15, 16] . However, physician female sex tended to be associated with a higher probability of analgesia administration, although this may be a chance association given the low number of female physicians in our study. NACA, National Advisory Committee for Aeronautics.
The two analgesic drugs used by our service, namely fentanyl and ketamine, are considered safe and effective in managing moderate to severe pain within the pre-hospital environment [20] [21] [22] . Fentanyl was the main drug used, which is in agreement with current pain management guidelines recommending a strong opioid for the pre-hospital management of moderate to severe pain [20, 21, 23] . The dose of intravenous fentanyl used in our study is consistent with the initial dose of about 1 lg.kg À1 that is proposed in the literature [5, 16, 20, 24] . Ketamine is an effective adjuvant to morphine in the pre-hospital setting [25] [26] [27] and is also administered in sub-dissociative doses as a first-line analgesic [28] [29] [30] . The dose of ketamine in our study was similar that reported by another pre-hospital physician-staffed emergency service in the UK [31] . Administration of ketamine over Table 2 Determinants of analgesia administration and results of the multi-level logistic regression model of analgesia administration (n = 778 for the analysis). The model was also adjusted for seasons and patient sex. OR > 1 represents a higher probability of receiving analgesia according to the reference category.
OR (95% CI) p value
Pain score (reference = numeric rating scale 0-2) Numeric rating scale 3-5 105 ( Figure 2 Proportion of patients according to onscene pain score (as measured by numeric rating scale) who received no analgesia ( ), ketamine with or fentanyl ( ), fentanyl alone ( ) or declined analgesia ( .). fentanyl was associated with severe pain (NRS 8-10) which is not surprising as ketamine is an attractive drug for extremely painful conditions as well as for procedures of short duration, such as fracture realignment [22, 31] . Ketamine also has a favourable safety profile, which is advantageous in more hazardous terrain. On the other hand, the reluctance to use ketamine for paediatric patients could be explained by a possible fear of side-effects, although they are not notably different for those seen in adults [28] , suggesting an opportunity for physician education. Our study highlighted a strong positive association between pain intensity and analgesia administration [8, 18, 32] . Inter-physician variations in the administration of analgesia do exist, and knowledge of physician sex, speciality and overall postgraduate medical experience allowed a reduction in the median OR for analgesia provision from 3.7 to 3.2 and for analgesic agent choice from 3.2 to 2.2. This illustrates that some unmeasured physician characteristics may explain the variability observed at the cluster level.
Our study has some limitations. First is its retrospective nature, leading to missing data and variable data quality. Although this limitation is inherent to retrospective studies, this design allowed a high number of observations. Another limitation is that only the total dose of analgesic was collected. No reliable information was available regarding the titration or timing of administration of the different types, which could have helped provide a better understanding of the analgesia strategy of each physician. However, these data would not have modified our conclusions regarding the main outcomes. This study probably reflects a mix of several different modes of ketamine dosages and strategies of administration [31, 33] . The inclusion of only patients with isolated limb injury restricts the validity of our findings, which cannot be applied to a general trauma population. This choice was made to provide a more homogenous study population. Finally, it is not certain that every physician documented whether a patient declined analgesia or not. Therefore, our refusal rate of analgesia must be considered as a minimum figure, but one that is similar to that previously published [16, 32] . Figure 3 Log OR for analgesia provision according to physician. Each dot represents a single physician ordered on the x-axis from 1 to 35. Error bars indicate 95% confidence intervals. Log OR > 0 represents a greater probability of analgesia provision. The median OR, which summarises the impact of unmeasured physician characteristics, was 3.7 when no level-two variables were included in the regression model but was 3.3 when accounting for physician specialty, experience, and sex (see appendix of the paper by Albrecht et al. [6] for a detailed explanation of the statistical analysis). Figure 4 Log OR for fentanyl administration by physician. Each dot represents a single physician ordered on the x-axis from 1 to 35. Error bars indicate 95% confidence intervals. Log OR > 0 means a greater probability of administration of fentanyl rather than ketamine. The median OR, which summarises the impact of unmeasured physician characteristics, was 3.2 when no level-two variables were included in the regression model but was 2.2 when accounting for physician specialty, experience and sex (see appendix of the paper by Albrecht et al. [6] for a detailed explanation of the statistical analysis).
In conclusion, we showed that a large proportion of patients with isolated limb injuries suffered from significant pain. The majority of these patients required strong analgesia, and pain intensity was the main determinant for analgesia administration. The severity of pain also determined the choice of the analgesic drug, with ketamine being preferentially used for the most severe pain. A limited number of physician characteristics including sex, anaesthetic and medical experience only explained a fraction of the observed inter-physician variations in analgesia provision and analgesic strategy in our particular setting.
